Glucose-dependent insulinotropic polypeptide (GIP) is a key incretin hormone, 34
little is known about the role of GIP in the brain, GIP and its receptor were found to 79 be involved in memory, emotions and vegetative functions (Usdin et al., 1993) . GIP-80 overexpressing transgenic mice show better sensorimotor coordination (in rotarod and 81 open field tasks) and better memory performance (in Y-maze tasks) compared with 82 control mice (Ding et al., 2006) . Moreover, physical exercise has been shown to lead 83 to an increase in GIPR expression in the dentate gyrus of aged rats, accompanied by 84 enhanced spatial memory in the water maze (Figueiredo et al., 2010) . In contrast, 85 active immunization with GIP vaccine led to a significant change in brain function 86 and behavior in rats (Tian et al., 2010) . 
Object recognition task 138 139
Twenty four hours after the open-field assessment, each mouse was subject to 140 a 10 min acquisition trial, during which they were placed in the open-field in presence 141 of two identical objects A (cube or ball) situated at 15 cm from the arena wall 142 (Acquisition task). On completion of 10 minutes exploration the mouse was returned 143 to its cage for a 3 h delay. After 3-h retention interval, the mice were placed back into 144 the box and exposed to the familiar object A and to a novel object B for a further 10 145 min (Test task). The objects were placed in the same locations as the previous ones. 146
The position of the novel object was randomised in order to avoid preferences not 147 based on novelty. The total time spent exploring each of the two objects (when the 148 animal's snout was directly toward the object at a distance ≤2 cm), were recorded. A 149 recognition index was defined as the amount of time exploring the familiar object or 150 the novel object over the total time spent exploring both objects times 100 was used to 151 measure recognition memory: (TA or TB/(TA + TB))*100. In the acquisition and 152 retention trial, if the exploration time was <30 sec and <15 sec respectively, the mice 153 were excluded from the trial. 154
155

Object location task 156
The apparatus and procedures were the same as in the ORT. The objects were 158 blue cubes (1.8 cm wide) and black and red bottle tops (3.2 cm diameter; 2.8 cm 159 high). After a session of 5 min habituation in the open-field, the animals were 160 subjected to a 10 min acquisition trial with two identical objects. After a delay of 3 h, 161 the mice received a second trial (Test trial) identical to the first trial except that one of 162 the objects was placed in the new location. within 90 s, it was guided to the platform where it had to remain for 30 s, before being 176 returned to its home cage. The escape latencies and speed were recorded using water 177 maze analysis software (Biosignals inc., New York, USA). One day after finishing the 178 acquisition task, a probe trial was performed in order to assess the spatial memory 179 (24h delay). The platform was removed from the maze and animals were allowed to 180 swim freely for 90 s. Spatial acuity was expressed as percentage of time spent in each 181 of four quadrants of pool. The number of times the mice crossed the learned escape 182 platform location as well as the time spent was assessed. 183
The reversal task commenced on the next day and lasted 3 days. It was 184 conducted in a manner identical to acquisition training, except that the escape 185 platform was moved to the middle of a new quadrant. One day after finishing the 186 acquisition task, a probe trial was performed as previously. Paired-pulse facilitation (PPF) was measured to analyse pre-synaptic functions 219 and interneuron activity. Two stimuli were given at 60 % of max fEPSP response. The 220 interval between two stimuli was changed from 25 ms to 50, 80, 120, 160 and 200 ms 221 to analyse PPF in relation to time. The PPF induced at short interstimulus intervals is 222 considered to be triggered by pre-synaptic transmitter release facilitating processes (Chen et al., 1996) , while later PPF is considered to be linked to GABA A 
Results
254
Open-field assessment-Distance travelled and numbers of lines crossed were higher 255 for GIPR KO mice than control group (student's t-test, **p<0.01, Fig.1A and 1B) .
Exploratory activity as shown in number of rearing was not significantly different 257 (Fig.1C) . Travel speed was higher on average in the GIPR KO mice (**p<0.01, 258 Fig.1D ). The ratio of time spent in the center of the arena to the periphery was not 259 different between groups (Fig.1E) . No difference was found in number of grooming 260 events (Fig.1F) . 261
262
Object recognition task-During the acquisition task, where two identical objects 263 were shown to the two groups, no difference between exploration of familiar objects 264 was found (student's t-test, p>0.05, Fig.2A) . During the test, one familiar and one 265 novel object were shown to the two groups 3h later. Control mice spent the largest 266 time exploring the novel object of overall exploration time (student's t-test, **p<0.01, 267 (Fig.5B) . In the reversal probe trial, both groups spent more time in the target 287 quadrant (N-W) than in the other quadrants (time spent > 40%; 2-way Anova; 288 p<0.0001). However, the control group spent significantly more time crossing the 289 exact previous location of the platform than GIPR KO mice (student's t-test, *p<0.05, 290
Fig.5C). No difference in escape latency was found between groups in visual acuity 291
during the visible platform control task (Fig.5D) . 292 293 Synaptic plasticity-HFS stimulation induced robust LTP in the control group 294 whereas the induction of LTP in the area CA1 of the hippocampus of GIPR KO mice 295 was impaired. A clear difference between groups was found (2-way Anova, 296 p<0.0001), but not over time (2-way Anova, p>0.05, Fig.6A ). GIPR KO mice had 297 impaired paired-pulse facilitation compared to control mice at 25 ms and 50 ms (2-298 way Anova; p<0.0001; post-hoc test *p<0.05, Fig.6B) . 299 300
Immunostaining-The DG of GIPR KO mice contained less than one-half the number 301 of BrdU-positive cells observed in control mice (student's t-test, ***p<0.0001, 302 down-regulation as a consequence of high GIP circulating levels has resulted in the 320 same changes in spontaneous behavior (Ding et al., 2006) . Rodents show an innate 321 preference for novelty translated by a bigger exploration of novel over familiar 322 objects (Dere et al., 2007) , and memory formation for familiar objects as well as thedetection and encoding of a novel object memory could be assessed by the object 324 recognition task (Ennaceur, 2009) . In this task, both groups spent equal time 325 exploring the familiar objects, indicating that general exploratory behaviour, 326 motivation, and motor activity was not affected by the gene deletion. During the test 327 task, control mice spent more time exploring the novel object, indicating that object 328 recognition memory was intact. However, GIPR KO mice failed to discriminate 329 between the novel and familiar objects. Absence of the GIP receptor clearly affects 330 performance in this memory task, indicating that this type of memory is dependent on 331 GIP signaling between neurons. The same memory impairment was also found in a 332 mouse strain that lacked gene expression of the glucagon-like polypeptide-1 receptor 333 (GLP-1R), another incretin hormone receptor (Abbas et al., 2009 ). This suggests that 334 formation of this memory is dependent on unimpaired signaling of several incretins, 335 which appear to have independent functions in neuronal signaling, as the deletion of 336 one type of receptor cannot be compensated by signaling of the other incretin type. 337
Interestingly, when GIPR KO animals were tested in the object location task, no 338 difference was found between groups. This suggests that the lack of GIPR affects 339 specific types of learning while leaving others unimpaired. It also demonstrates the 340 specific memory impairment that is not based on non-specific impairments such as 341 reduced motor activity or exploration. 342
The Morris water maze is used to assess hippocampus-dependent spatial 343 learning and memory in rodents (D'Hooge et al., 2001). In this task, GIPR KO mice 344 took longer to locate the escape platform. This deficit was not due to reduced swim 345 speed as transgenic mice swam as fast as control mice. GIPR KO mice also failed to 346 remember the location of the hidden platform in the recall test. In the reversal task, 347 the platform was moved to another location. This task requires a re-learning of the 348 location and a repression of the previous memory. This task is often harder to learn by 349 animals that are impaired in learning (Hölscher et al., 1994) . During reversal training, 350 GIPR KO mice were clearly impaired. While both groups spent more time in the 351 target quadrant during the reversal probe trial, control mice spent more time in the 352 correct zone (where the platform was previously located) indicating that these mice 353 may have a more accurate memory for the platform location than GIPR KO mice. importance of GIP signaling in memory formation. Moreover, increased GIP receptorexpression in the hippocampus after chronic running exercise led to better spatial 358 memory performance in the Morris water maze task (Figueiredo et al., 2010) . 359
In the electrophysiological study, LTP was completely abolished in GIPR KO 360 mice whereas control group showed stable and long lasting LTP in area CA1 of the 361 hippocampus. This effect may be due to a decrease in synapse vesicle release, as an 362 impairment in paired-pulse facilitation at short inter-stimulus intervals in GIPR KO 363 mice is an indication that vesicle release was affected (Chen et al., 1996) . We have 364 previously shown that activation of GIPRs in the hippocampus by the GIP agonist N-365
AcGIP enhanced the induction of LTP whereas the GIP antagonist (Pro in which memory and synaptic plasticity is impaired (Holscher, 2010) . 
